There are peg-board test and tap synchronization test as a method to measure the motion control function. These tests measure only the result of motion, and do not the process. By measuring the whole process from the beginning to the end of a test, it is possible to obtain data that are more detailed. The through measurement of a motion process enables to measure the precise performance of the motor control function. This paper discusses visual synchronization task to measure the performance of our brain using periodic motion of both hands for estimating the mental fatigue caused from a mental workload. A visual synchronization task requests a subject to flip the palms of both hands synchronizing the displayed hands' motion. The method measures the poses of both perms through the task. From the measurements in the process of this task, the method evaluates the performance of the motion control function of the subject. This paper discusses the descriptive power of the visual synchronization task to estimate the mental fatigue. The visual synchronization task is safe, because there is no need to attach the device to a subject nor to make gross motions. The task is short to complete. This paper presents the experiments and evaluates the descriptive power of the visual synchronization task to measure mental fatigue.
INTRODUCTION
To increase our quality of life (QOL), we must control our mental fatigue along our mental works. We need a method to measure the mental fatigue objectively. This paper proposes a method to measure the performance decrease of our motor control function after a mental workload. Mental fatigue is not equal to a performance decrease of our motor control function. However, the performance of motor control function may take a role of objective measure of mental fatigue. This paper discusses the descriptive power of our visual synchronization task and its' performance measure to observe a mental fatigue caused from a mental workload.
Many motor tasks measure the performances of motor control functions of a human. They are the Purdue pegboard task, a seal affixation task, a tray carrying task, and etc. [1, 2, 3] These tasks estimate the performance of a motor function of a human based on the results of the tasks. There is no observation of the process of the tasks.
There are also some synchronization tasks to measure a motor function of a human. One example is a synchronization of finger taps with periodically flashing visual stimuli and synchronization with an auditory metronome. In these tasks, the timing between the stimuli and the tapping is measured. There is no observation of the process of the tapping [4, 5, 6, 7, 8, 9, 10] .
Recently, many cheap and easy methods to measure the movements of a human body have been developed. For instance, some of these sensors include Kinect sensor, and Leap motion sensor [11, 12] . There are many applications that use those sensors for controlling computers. For instance, there are many video games that use those sensors for controlling an avatar in the games [13] .
Using these new motion sensors, we can measure the motion of hands easily and precisely. The human hands are the parts of a body that can make the most complex movements. We have proposed a method that measures the precise movements of hands synchronizing the movements of hands on a display. The author calls this method visual synchronization task. The synchronization needs visual perception of the displayed hands' images and precise control of the arm muscles. The resulting measure is very sensitive. With this measure, we can evaluate the performance of the motor control function precisely.
For estimating a mental fatigue, we need a method to measure the performance of a mental work. Kraepelin test is one of a method to measure the performance of mental work [14] . However, Kraepelin test needs at least five minutes. In addition, the test itself is a heavy mental workload. Therefore, Kraepelin test is not fit to estimate a mental fatigue from a mental workload and to observe the recovery from the fatigue.
The visual synchronization task is very short to complete and very easy to do. Our visual synchronization task can measure the performance of motor control function in complex situation. Therefore, the visual synchronization task is able to measure the performance of mental work. This paper discusses the performance of the visual synchronization task to measure the fatigue caused from a mental work. First, this paper discusses a task to synchronize hands' movements with visual presentation. Then, the authors propose the outline of the observation system to measure a visual Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. ICBBS '17 synchronization of hands' motions, and our implementation of the observation system. Next, this paper discusses a trial to measure the fatigue caused by a mental workload. Then, the author proposes the experiments and their results. And last, this paper concludes this work.
VISUAL SYNCHRONIZATION TASK 2.1 Task
Many motor tasks intend to measure the motor control function of a human. However, most of these tasks measure the results of the tasks. Some tasks measure the synchronization between a finger tap and stimuli. With human observations, it is difficult to measure the process of synchronizing movements. Now, we can use a Kinect sensor and a Leap Motion sensor [11, 12] . These sensors measure the three-dimensional movements of a human body. With these sensors, we can measure the precise movements of a human body.
We can synchronize our movements with each other. For instance, in playing a dance, dancers can synchronize their movements with each other. A synchronization of movement is more difficult work than a simple imitation of movements. To generate synchronized movements, we need to observe the motion to be synchronized. We need to generate the motion to be similar to the motion synchronized. We need to observe the generated motion synchronizing the original motion. We need to estimate the divergence between the original motion synchronized and the motion synchronizing the original motion. We need to control the speed of the motion synchronizing. These functions make the feedback loop. However, for compensating our brain's processing delay, we need to estimate the delay itself and to make feedforward. To make feedforward, we need to remember and to forecast the periodic motion.
This processing loop is shown in Figure 1 . For estimating the total brain function, we need to include all the functions of a brain. The visual synchronization task includes vision and motor control functions. The vision includes not only the static sight, but also the dynamic sight.
Figure 1. Relation among functions.
The visual synchronization is more difficult than audio synchronization. Therefore, we observe the wider brain functions with the visual synchronization tasks than the audio synchronization tasks.
Our proposed visual synchronization task is the synchronization between the position of stimuli as the displayed hands and the position of subject's hands. Our synchronization task is not the synchronization between the timing of the stimuli and the timing of action. The measurement of timing is only one scalar value. In our proposed synchronization task, the measurements of positions both of the stimuli and the hands are the sequence of a triple of the positions of the stimuli and the ones of both hands. In one cycle of movement, we have larger amount of measurements from the proposed visual synchronization task than the tapping test.
For the ease of processing measured data, our visual synchronization task uses the stimuli controlled as sine curve. This makes easy to estimate the performance of a subject.
Mental Fatigue on Visual Synchronization Task
Our visual synchronization task forces a subject to use many kinds of functions in a brain. Therefore, the performance of the visual synchronization task represents the over-all performance of a brain. A mental fatigue causes the decrease of the performance of a brain. Therefore, our visual synchronization task may measure the degree of mental fatigue.
There are Bourdon test and Kraepelin test that measures the performance of mental work. [14, 15, 16] They need at least five minutes or more. They themselves are heavy mental workload. Therefore, it is difficult to complete many tests to measure the performance change before and after a metal workload.
Our visual synchronization task needs only 15 seconds to complete a measurement. We can repeat the visual synchronization task to measure the change of the performance of a brain before and after a mental workload. The shortness of our visual synchronization task enables to measure the sequence of the performance changes of a brain before and after a mental workload.
Motor Control Function Measure
We have large amount of measurements in a trial. We hope to show a simple scalar measure that represents the total brain activity. We define the motor control function measure using FFT (Fast Fourier Transform) results of the measured poses of both hands in each cycle. If a subject makes complete synchronization to the stimuli, the resulting measurements follow a complete sine curve. As a result, at every cycle in stimuli, the result of FFT has a zero value at the second term or higher terms. We define the measure as (1) . This measure increases with the amount of the difference of measured data from ideal sine curve.
In (1), t is the number of terms. is the absolute value of the xth term of the result of FFT. 1 is the power of the lowest frequency. This represents a one cycle of a hand's rotation. If the rotation of a hand follows the stimuli images precisely, the 1 carries all powers of the hand's rotation. Other terms carry no power. In the case, the measure in (1) represents the average of poses. This is not included in (1) . As a result, this measure does not depend the absolute poses of hands.
We call this measure as Non-Smoothness-Measure (NSM). This measure may span from 0 to infinite. Our proposed system observes two hands. Therefore, at every cycle, we have two NSMs.
In other words, NSM represents the performance of a signal amplifier that input is visual stimuli and output is pose of a part of body.
IMPLEMENTATION OF MEASUREMENT SYSTEM
We can use many parts of our body for the output operand of our visual synchronization task. For instance, we can use the movement of a finger as a tapping test. However, to measure the performance of a brain, a movement must have some difficulty. A rotation of hand has a little difficulty. To make rotation, many muscles must be controlled coordinately. Many infants over five years old can rotate their hands. Under four years old, infants have difficulty to rotate their hands. Figure 2 shows the rotation of hands.
This paper selects rotation of hands as stimuli. Figure 2 shows the movements of hands. We can easily define the pose of hands using the normal of perms.
Figure 2. Movements of hands.
It is difficult to make rotation of hands to follow a sine curve. Therefore, our displayed hands' images are composed from video frames to follow a sine curve.
The author uses Python and Pyglet to implement the measuring system. [17, 18] Pyglet enables to control the real time presentation of stimuli images.
With leap motion sensor, our system measures the poses of both hands at each 1/100 second with displaying the stimuli images. Therefore, our implementation of VST measures 100 tuples of the poses of both hands. Comparing with the tapping test, our implementation of VST gets 100 times of measurements. This leads to the precise estimation of a performance.
MEASUREMENT OF MENTAL FATIGUE 4.1 Outline of Trial
We can estimate the effect of some activities with comparing between the performance before an activity and one after the activity. We will measure mental fatigue, so we must select some activities that need mental works. Some tests measure the performance of mental works. For instance, Kraepelin test measure the performance of mental work. However, it need at least five minutes, and the test itself is a heavy mental workload. Therefore, Kraepelin test itself makes a subject to be tired. Our visual synchronization task needs only 15 seconds to perform. There is a little influence about a performance of motor control function.
Our trial has three parts. One part has five measurements of the visual synchronization task (VST). Each VST needs only 15 seconds. There is four minutes 45 seconds rest between adjacent VSTs. Second part is a game playing. The author selects a fighting video game for mental workload. The last part is 13 measurements of VSTs. Figure 3 shows the structure of a trial to measure the fatigue of mental work. This trial needs about two hours to complete.
Over all trial need about two hours to be completed. We hope to measure longer period. However, this two hours' trial is difficult to complete. 
Workload
The author uses an action video game for a mental workload. The author selects Japanese version of "Super Smash Bros." The game is hilarious fighting game. Therefore, a subject concentrate to play this game. A subject enjoys playing this game. Therefore, a subject can play continuously for 40 minutes without large difficulty.
Kraepelin test is used widely for mental workload and for performance measuring method. However, as a mental workload, Kraepelin test is boring. The test fits for measuring the concentration in boring work. However, a subject has difficulty to keep concentration.
The selected video game fit for a mental workload. We can easily keep concentration in playing the game.
Performance Measure
At each VST, we have 15 pairs of NSMs defined as (1) . However, we hope to have a single value that represents the performance of the VST. There are 30 NSMs. However, we hope to define a VST rest VST rest VST rest VST rest VST Mental work Video game play VST rest VST rest ... Our previous experiments show that the difference between a left hand and a right hand is small. However, we treat both hands. There is 15 NSMs at a hand. We can use the mean to define the scalar measure of a brain activity. However, it is difficult to keep the hands movements in 15 seconds. There is a difference among 30 NSMs. We can use the mean of all 30 NSMs. However, there are some error measurements. Our experiments show that the first cycle shows big NSMs, because a subject try to synchronize his hands' movements to the displayed hands' movements. There is a small NSM caused from accidentally matching between the displayed movement and the subject's movement.
We define the NSM of a trial as (1) . We call the NSM of a VST as BVNSM in the following.
In (2), ℎ, is a of a hand ℎ at a cycle . The BVNSM shows the best performance of a subject in a trial. We use this BVNSM for evaluating the performance of a subject in a trial. In simply, the BVNSM is the best performance of a subject in a trial. There are persons that can only keep their hands movements properly in a very short period. Those persons may have some kinds of problems about their brain functions. However, we only treat a brain performance in a short period. The BVNSM defined as (2) represents the best performance of a VST.
From other viewpoint, we need the measure that represents the average performance of a VST. In a VST, we have 30 NSMs that include some error measurements. We must remove these error measurements. Therefore, we select the average of 80% middle range values in the set of NSMs. The formal definition is (3).
In (3), NSMs is the set of right hand's NSMs in a VST. The average processes only from fourth largest value to 12-th largest value. This AVNSM may represents the average performance of a VST.
EXPERIMENTS AND RESULTS

Subjects and Trials
Experiments include six subjects. They made 33 trials. All subjects are male students. Their ages are from 23 to 25 years old. Figure 4 shows the all AVNSMs in 33 trials. In Figure 4 , a shaded box is the position of the mental workload. The x-axis is the sequence number of VSTs. The y-axis is AVNSMs. Before and after the workload, there is no apparent difference in the distribution. Table 1 shows the total of measurements of AVNSMs before workload. Table 2 shows the total measurements of AVNSMs after workload. Comparing before and after the workload, the average of AVNSMs before the workload is less than the one after the workload. Figure 5 show the change of average AVNSMs. In Figure 5 , a shaded box is the position of the 40 minutes mental workload. After the mental workload, there is a little increase of AVNSMs. However, the difference is not apparent. Table 3 shows the t-test's result of average AVNSMs between before and after the workload. The t-test confirms the difference between AVNSMs before and after the workload with three percent critical region. The both side probability is 0.0061. The average AVNSMs just after the workload period is smaller than one just before the workload. After the workload period that includes 13 VSTs, the average AVNSMs increase a little. If the performance of a brain reflect only the mental fatigue, the AVNSM just after the workload period must largest of all. However, we can see a little decrease of AVNSMs after the workload period. Our mental workload is very exciting fighting video game. Therefore, a subject is excited in playing the game. In excited state, the performance of a brain is boosted. Our trial ends only one hour after the game playing. In the whole period, a subject's excitements is cooling down. Therefore, our trials cannot measure the process recovering from the mental fatigue.
Experimental Results
AVNSMs
NSM is the measure that decreases with better performance. Therefore, AVNSM also decreases with better performance. The increase of AVNSM shows the fatigue from the workload. The difference between before and after the workload is confirmed with three percent critical region. This concludes that AVNSM can detect a mental fatigue. Table 4 shows the result of t-test between the sets of AVNSMs before and after the workload. The t-test's result confirms that the apparent difference between the set of AVNSMs before and after the workload. The both side probability is 0.0069. This leads that the AVNSM can observe the mental fatigue. Figure 6 shows the distribution of all BVNSMs in 33 trials. In Figure 6 , the x-axis is the sequence number of VSTs. The y-axis is BVNSMs. A shaded box is the position of the 40 minutes mental workload. Before and after the workload, there is no apparent difference in the distribution. Table 5 shows the total of measurements of BVNSMs before workload. Table 6 shows the total measurements of BVNSMs after workload. Figure 7 shows the change of average BVSMs. Comparing before and after the workload, the average of BVNSMs before the workload is less than the one after the workload. Table 7 shows the result of the ttest. The difference between before and after the workload is confirmed with five percent critical region. This concludes that BVNSM can detect a mental fatigue. However, BVNSM is weaker than AVNSM in total for observing a mental fatigue. It is checked the sets of all BVMSNs before and after a workload with the t-test. Table 8 shows the result of the t-test. The probability of both-side is 0.000817. This is small enough to confirm the precision of the proposed VST to measure the performance of our brain function. With AVNSMs, table 4 shows that the probability is 0.0069. The BVNSMs' difference between the performances before and after the workload is more apparent than one of AVNSMs. BVNSM is better to measure the fatigue with mental workload than AVNSM. There are personal difference among subjects. However, the distributions of measured BVNSMs represents the difference between the performances before and after the metal workload.
BVNSMs
CONCLUSION
Our visual synchronization task has enough descriptive power to measure the performance decrease caused from a mental workload. Our visual synchronization task is a light workload. With our visual synchronization task, we can measure the process of fatigue recovery. Because, our visual synchronization task needs only 15 seconds to complete. Our visual synchronization task is lighter mental workload than classical mental performance measuring methods.
The t-tests confirms that the AVNSM and BVNSM have enough descriptive power to measure the mental fatigue. However, which one is better measure to evaluate the mental fatigue is not known.
In our experiments, we can follow the change of the performance of a brain after a mental workload. However, this paper cannot analyze precise changes of the performance. This is our next step.
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